Cryobiologists continue to contribute increasing information in this field, but more with a view to preservation of tissue and organisms than in the field of tissue destruction which is our great concern. It is this area that needs more research. Our presentation here is concerned mainly with the use of cryosurgery as a therapeutic agent for lethal disease, mainly cancer of the head and neck (Miller & Metzner 1969 , Miller 1969 , 1972 , Miller etal. 1972 .
A 2 mm Brymill laryngeal closed probe was applied for various periods of time to six feline true vocal cords; the cats were sacrificed at one month and two months. Microscopic studies revealed very adequate epithelial regeneration in all sections taken through epithelial surfaces. No areas remained unepithelialized. The skeletal muscle fibres underwent degeneration with fibrosis replacing many of the muscle cells. Of great interest is the fact that Schwann cells were found proliferating in the nerve bundles, showing some attempt at regeneration of the nerves. There was significant destruction of cartilage by the cryosurgery technique ( Fig 10) and yet there was active regeneration of cartilage within one month in some areas.
Conclusions
It can now safely be said that cryosurgery is and can be an important supplement and adjunct to both surgical knife and radiation therapy, as well as being a tool in its own right. During the years of our limited experience in this method, it has become apparent that cryosurgery is most useful in elderly patients afflicted with cancer. The technique for the proper application of the closed and open probes is readily learned and easily applied. The treatment takes much less time than other conventional methods of therapy. The patient's stay in hospital is considerably lessened. The method can be used in more than one course. Its effectiveness in eliminating pain is extremely important for palliative treatment. It is our firm belief that cryosurgery should be a part of the armamentarium of all who treat malignant diseases of the head and neck. REFERENCES The first use of cryosurgery in our specialty was recorded in 1884, when a British Army surgeon named Captain Chester developed an indiarubber bag which could be inserted into the nasal cavity and irrigated with an ice-cold brine solution (Fig 1) . He claims to have successfully treated a case of epistaxis in a hemophiliac by this method. In 1899 Dr White of New York designed an aluminium probe which could be immersed in liquid air and then applied to the adenoids. Despite this early pioneer work, the use of cryosurgery for practical purposes began in 1961, when Cooper and Lee developed a cryogenic system using liquid nitrogen with which the tip temperature could be reduced to -190°C. This instrument enabled the intensity and duration of the freezing to be accurately controlled by the surgeon. Liquid nitrogen is not an easy cryogenic agent to handle and the later development of other cryogenic machines using nitrous oxide, carbon dioxide and freon permitted the much more widespread use of this form of treatment.
The most important effect of freezing from our point of view is cryonecrosis, but the property of cryoadhesion, which is of such great value to the ophthalmologist in cataract extraction, can also help us in the surgical handling of some swellings. Really low temperatures are required only in the treatment of vascular tumours, and a cryosurgical apparatus using one of the more convenient refrigerants, such as carbon dioxide, freon or nitrous oxide, is quite adequate for most purposes. Most lesions in the nose and throat are fairly superficial and it is normally possible to control the treatment by means of direct observations on the ice ball. The use of a thermocouple is not usually required. Not all the tissue contained in the ice ball undergoes necrosis, and it is necessary to extend the ice ball 2-3 mm beyond the edge of the tissue mass to be destroyed. The mass of tissue destruction can be further increased by repeated freeze-thaw cycles as has been shown by Gill et al. (1968) . It is my practice to use two freeze-thaw cycles during most treatments for a period of five minutes each. The effects of freezing are enhanced by ischemia, and pressure of the probe on the treated tissue can reduce its blood supply, and thus extend the area of cryonecrosis. In treating lesions in the head and neck, Rand et al. (1964) advised digital compression of the common carotoid arteries for three minutes in order to achieve this objective. Recently Passey et al. (1971) have shown that the cryosurgical lesion can be extended by the preliminary injection of adrenaline into the treated tissue. For most purposes, the surface contact type of probe is preferable in this field of cryosurgery as has been shown by the experimental studies of Cahan & Montesa-Cruz (1965). The separation of necrotic tissue takes about two weeks and when repeated treatment is required an interval of at least two weeks should separate successive treatments. It is my practice to give a course of antibiotic postoperatively as this minimizes the risk of infective complications.
Laryngeal Papillomata
Laryngeal papillomata were among the first laryngological conditions to be treated by cryosurgery. Initially, Lemariey & Muler (1960) used metal probes which could be immersed in liquid nitrogen and which were then applied endoscopically to the lesions. The advent of the Linde-Cooper cryosurgical machine in 1961 enabled the treatment to be more readily controlled. Subsequently, Marres et al. (1966) , Barton (1968) and Miller (1969) have all reported favourably on the cryosurgical treatment of multiple laryngeal papillomata using this machine. I have had the opportunity of treating one patient who had multiple uncontrolled lesions when she was first referred to me in 1966. Over a dozen laryngoscopies had been performed with repeated endoscopic removal of the tumours, but despite this a tracheostomy was required. Ultrasonic treatment was given in 1966 without effecting any improvement. Throughout 1967, a series of ten further laryngoscopies were performed at monthly intervals to enable a laryngeal cryosurgical probe to be applied to the lesions. This was used in conjunction with an Amoils type machine. Due to fear of producing stenosis, only three lesions were treated at each session. A steady improvement in the voice of the patient was noted and her larynx now looks normal.
The cryosurgical probe does appear to enable one to destroy these lesions with the minimum of postoperative fibrosis. On a theoretical basis one would hope that the treatment might induce a beneficial immunological response. This was not very evident, however, in the single patient I have treated.
Angiofibromata
Another difficult therapeutic problem with which we have to deal is the angiofibroma of the pharynx. Angiofibromata are usually too large and vascular to permit destruction by cryonecrosis. Cryosurgery does, however, appear to facilitate greatly the surgical excision of these tumours. Smith et al. (1964) reported on the treatment of 2 patients in whom cryosurgery had been used as an adjunct to surgical excision. Cruciate incisions were made through the tumour capsule and the cryosurgical probe was thrust into the tumour which was then frozen and removed immediately afterwards. This technique proved to be very successful and was associated with a very much reduced blood loss. Later Hanckel (1967) , Pearson (1968) and Miller (1969) reported favourably on this technique. During the past five years we have treated 3 of these tumours at the Birmingham Ear and Throat Hospital. The first occasion was a technical failure because a single Amoils machine was used in conjunction with a general purposes probe. This proved to be inadequate for the task of freezing a really vascular tumour, which had to be treated by orthodox surgical excision. In the treatment of the next 2 cases we were able to overcome this problem by using two machines with two large probes, and this provided an adequate degree of freezing and enabled the tumours to be removed with minimal bleeding.
Lymphoid Tissue in the Pharynx The cryosurgical probe can be used to destroy infected lymphoid tissue in the pharynx. I have now performed over a hundred of these procedures, and very early in the series it became evident that this form of treatment was not universally applicable to these patients and really careful case selection was extremely important.
The following factors are important in assessing the suitability of a patient for a cryotonsillectomy:
(1) The size of the tonsils: the small infected tonsil and in particular the infected tonsillar remnant is an ideal lesion for cryotonsillectomy; large tonsils need numerous and repeated treatments. (2) Age: the adult patient is most suitable because most of these operations are performed on an outpatient basis under a local anaesthetic and demand a fairly high degree of patient co-operation; in addition, most children have large bulky tonsils and also need adenoidectomy.
The use of cryosurgery appears to completely eliminate the risk of both primary and reactionary hemorrhage. Von Leden (1969) has successfully treated by this technique 12 patients who were all suffering from proven blood dyscrasias. The technique is also of value in patients where blood transfusions are likely to be refused for religious reasons.
Although the operation can usually be performed under a local anxsthetic, a dose of atropine about 30 minutes preoperatively is desirable to prevent any troublesome hypersalivation. It is my practice to apply the tonsillar probe to both the lower and upper poles of each tonsil and to administer two freeze-thaw cycles. The postoperative pain is less severe than following conventional tonsillectomy. This was proved when a series of 10 patients had one infected tonsil removed by the classical dissection technique, and the other tonsil treated by cryosurgery. There is no risk of primary or reactionary haemorrhage.
The necrotic tissue gradually separates over a period of ten to fourteen days, and during this phase the use of a mouthwash and a course of antibiotic is helpful. There is a slightly increased risk of secondary hmmorrhage (4%) but in my series none has been severe and the bleeding has always quickly stopped spontaneously.
It is necessary to destroy the entire tonsil in order to obtain a satisfactory result. A second treatment is frequently required except in cases of tonsillar remnant.
A cryoadenoidectomy is technically possible but is a less satisfactory operation than con-
Fig 2
The adenoid cryoprobe ventional adenoidectomy. The adenoids are relatively inaccessible and this prevents direct observations being made on the formation of the ice ball. None of the standard cryoprobes is suitable for use in the nasopharynx and before attempting to perform cryoadenoidectomy it was necessary to design a suitable probe. The probe covers the lower surface of the adenoids and has a movable retractor on its shaft to displace the soft palate downwards out of the operative field (Fig 2) .
This operation was performed on two occasions and the adenoid tissue can be destroyed using this technique. The operation is, however, time-consuming and is less reliable than a conventional adenoidectomy for the treatment of really gross hyperplasia of this organ.
The cryosurgical probe has been found of particular value in destroying non-encapsulated masses of infected lymphoid tissue in the region of the lingual tonsils, the lateral pharyngeal bands and over the posterior pharyngeal wall. In this type of patient the treatment can usually be completed in one session. A general purposes probe is often more suitable than the tonsillar probe for this type of lesion.
Glossopharyngeal Neurectomy
In 1946 Wilson & McAlpine described an operation for glossopharyngeal neuralgia in which the nerve is divided through the tonsillar fossa. The difficulties of identifying the nerve can be greatly increased by the fibrosis following a previous tonsillectomy. In these cases it is much easier to destroy the nerve by the application of a cryosurgical probe to the lower half of the tonsillar fossa. The actual exposure of the nerve through the muscular fibres is unnecessary. I performed this operation on 5 patients obtaining an excellent initial result in 4. One case must be classed as a complete failure and the cause of this is not obvious, but it was possible that the course of the nerve may have been abnormal. A second treatment was equally ineffective.
Lymphangiomas
Lymphangiomas are also very suitable for treatment by cryosurgery because of their high fluid content and poor blood supply. These tumours are usually present at birth, and the floor of the mouth is one of the commonest sites. Surgical excision is often difficult as these cystic lesions frequently invest and mingle with important anatomical structures, and alternative forms of therapy such as aspiration and the injection of sclerosing fluids are far from satisfactory.
My experience of treating this disease is limited to one patient who had a large sublingual lymphangioma. The lesion did diminish in size after one treatment and it was planned to repeat this at a later stage but unfortunately the child died following a thoracic operation for another congenital defect before this could be done. Henderson (1971) has reported on the successful treatment by this method of 2 patients who were suffering from intra-oral hkmangiomas.
Leukoplakia
Cryosurgery is an ideal form of treatment for areas of leukoplakia in the mouth and throat. The advantages of this therapy as listed by Sako et al. (1969) are as follows: (1) The procedure in most instances, even in large lesions, can be easily performed on an outpatient basis.
(2) The procedure is relatively painless with the use of a little topical or local infiltrative anesthesia. (3) There is very little discomfort while the lesion is sloughing or during the healing phase. (4) The inflammatory reaction is minimal to moderate, and subsides in 2-3 days. (5) Hemorrhage during the sloughing stage was never encountered.
It is possible to excise a specimen of the frozen tissue for biopsy purposes if malignancy is suspected.
Nasal Polypi Nasal polypi are avascular structures with a narrow pedicle and therefore vulnerable to freezing. Von Leden & Rand (1967) and Pearson (1968) have both destroyed polypi by the application ofa cryosurgical probe and have then allowed the polyp to disappear gradually by the process of cryonecrosis. I have used this technique and found it to be quite effective but it has the disadvantage that polypi are frequently multiple and repeated treatments are required in these cases.
One patient on whom this technique was used had cacosmia for ten days afterwards. The probe can be used as an adjunct to the conventional snare polypectomy. Cryoadhesion can facilitate the handling of the polyp and preliminary freezing does reduce the subsequent bleeding. Healing occurs with minimal fibrosis.
We have now performed over a hundred cryopolypectomies under local anesthesia. Many of the patients had previous experience of a conventional nasal polypectomy: 60 % said they found the cryosurgical technique less of an ordeal, 25 % preferred the conventional technique and 15% noticed no significant difference. Most of 7 75 76 Proc. roy. Soc. Med. Volume 67 January 1974 8 these patients have been under observation for three years and the recurrence rate of the disease appears to be similar to that following snare polypectomy.
Hypertrophic Rhinitis
The cryosurgical probe can be used to reduce the bulk of the turbinates in cases of hypertrophic rhinitis. The treatment can usually be easily done under local anesthesia but occasionally a dull pain is experienced in the teeth and orbital area when the probe is in the region of the sphenopalatine ganglion. The entire medial surfaces of the inferior turbinates are frozen for a period of three minutes. In order to treat this fairly extensive area it is usually necessary to apply the probe successively to the anterior and then the posterior half of each turbinate. Contact with the septum should be avoided as Ozenberger (1970) has reported that there is a slight risk of septal perforation if this occurs bilaterally. Postoperative cedema usually increases the nasal obstruction during the first week. The airway improves later during the phases of cryonecrosis and later healing. The quality of the redegenerated mucosa is good and healing occurs with minimal fibrosis.
Epistaxis
As mentioned earlier, cryosurgery has been used since 1884 in the treatment of nasal bleeding. The common form of epistaxis from Little's area is best treated by cautery but both Bluestone & Smith (1967) and Cahan (1972, personal communication) have reported favourably on the cryosurgical treatment of epistaxis occurring in patients suffering from hereditary telangiectasia. Bluestone & Smith use a Steven's balloon which must first be inserted into the nasal cavity in a collapsed state. The balloon is filled with 95% alcohol and then is connected by tubing to a Minitherm Hypothermic machine. The temperature of the coolant is then dropped to -25°C, and the treatment is continued for an hour. The balloon is then collapsed and withdrawn from the nose 24 hours later. Cahan has treated 24 patients with this disease and he uses a Linde-Cooper cryosurgical probe.
Conclusions I believe it is now possible to make a preliminary assessment of the value of cryosurgery in the treatment of benign nasal and throat lesions. In order to gain widespread acceptance, cryosurgery has to possess demonstrable advantages over the older methods. In my hands it has facilitated the management of vascular tumours, tonsillar remnants, the destruction of non-encapsulated areas of lymphoid tissue in the pharynx, lymphangiomas, areas of leukoplakia, the operation of glossopharyngeal neurectomy and the more severe forms of multiple laryngeal papillomata. It can be used in the treatment of many other conditions. The cryosurgical probe has proved to be a useful surgical tool and I think that within the next decade it will become as commonplace in the operating theatre as a diathermy machine. This contribution considers the results of cryosurgery in the treatment of neoplasia of the head and neck, the situations where it has been of proven value, and assesses the possible reasons for its failure. It has been the experience of everyone treating neoplastic lesions with cryosurgery that the response of therapy varies widelynot only in different types of lesion, but even in similar lesions in identical situations.
There are many factors which might influence the development of a destructive cryolesion, and
